Objective: The purpose of this study was to assess the association between depression and all-cause mortality in patients with congestive heart failure (CHF) and an implanted cardiac device.
T here are multiple risk factors for cardiovascular diseases (CVD). The most well-studied factors include traditional factors, such as high blood pressure, smoking, dyslipidemia, obesity, etc. [1] Psychosocial risk factors are equally important. According to experts from the European Society of Cardiology, the most important psychosocial factors affecting the health status of patients with a cardiac pathology include depression, anxiety, panic disorder, post-traumatic stress disorder, social isolation, and type D personality. [2] Depression as a prognostic marker of CVD is studied primarily in patients with coronary artery disease (CAD). [3] There is also a relationship to adverse clinical outcomes after percutaneous coronary intervention (PCI). [4] On the cardiovascular continuum, one outcome of CVD, such as hypertension or CAD, is congestive heart failure (CHF). [5] The effect of depression on the prognosis of CHF patients was described in a meta-analysis performed by Rutledge et al.: [6] depression increased the risk of death in CHF patients by 2.1 times during a monitoring period of 6 months to 4 years.
Cardiac resynchronization therapy (CRT) is one of promising new methods of heart failure treatment. CRT is indicated for patients with a left ventricular (LV) ejection fraction (LVEF) ≤35%, wide QRS complex ≥150 milliseconds, or left bundle branch block. In addition, the implantation of a cardioverter defibrillator (ICD) is often indicated for such patients to prevent sudden cardiac death. [7] However, the impact of depression on mortality in patients with implanted cardiac devices has not been fully evaluated. [8] Thus, study of the effect of depression on the risk of death in CHF patients who have undergone the implantation of a cardiac electronic device appears to be very relevant. The aim of the present study was to assess the association between depression and all-cause mortality in patients with CHF and an implanted cardiac device.
METHODS
The study included patients who underwent implantation of an electronic cardiac device at the Tyumen Cardiology Research Center. In total, 260 patients (216 males and 44 females) aged 23 to 84 years (average age: 56.8±10.0 years) were examined. Of the group, 156 patients underwent implantation of a resynchronization therapy device, and 104 patients underwent ICD placement. In 70.0% of the patients, CHF was caused by CAD. The average length of the follow-up period was 48.6±32.2 months.
All of the patients underwent a transthoracic echocardiographic examination using a Philips iE 33 (Phillips Healthcare, Inc., Andover, MA, USA) or a General Electric Vivid E9 (GE Healthcare, Inc. Chicago, IL, USA) ultrasonography device. The diameter of the aortic root, diameter of the left atrium, diameter of the right ventricle, LV end-diastolic and end-systolic volumes, thickness of the interventricular septum, LV posterior wall thickness, LVEF, LV myocardial mass, and LV myocardial mass index were evaluated.
The Beck Depression Inventory was used to determine and assess symptoms of depression. [9] The inventory contains 21 items with statements that correspond to specific manifestations/symptoms of depression. Based on the severity of a symptom, each statement is assigned a value from 0 (no symptom or minimal manifestation) to 3 (maximum severity). The final score is calculated by summing the results for all of the items. A total score of 19 points or more indicates severe symptoms of depression, and a total score of 10 to 18 points is considered to reflect mild symptoms of depression. A score of 9 points or less suggests the patient has no symptoms of depression. The Beck Depression Inventory has a high level of reliability, with an overall Cronbach's alpha coefficient of 0.86 (cognitive-affective subscale: 0.79, somatic subscale: 0.79). [9] All of the patients included in the study completed the entire depression questionnaire. This study was approved by the local ethics committee, and patients were included in the study only after providing written informed consent. For normally distributed parameters, a post-hoc test was performed using the least-square difference procedure. Post-hoc tests for non-normally distributed parameters were carried out using the Mann-Whitney U test. For categorical variables, the statistical significance of differences between groups was calculated using the maximum likelihood chi-square test. A pairwise group comparison using Pearson's chi-square was also conducted. Survival rate was estimated using the Kaplan-Meier method. The Cox proportional hazards regression model was used to assess the hazard ratio (HR) with a 95% confidence interval (CI) for all-cause mortality. Univariate analysis was performed at the first stage of the research. In the second stage, HR with 95% CI was calculated after adjustment for the following confounders: age, sex, smoking, body mass index, LVEF, hemodynamically significant coronary arteries stenosis, hypercholesterolemia, previous myocardial infarction, arterial hypertension, diabetes, atrial fibrillation, and heart failure functional class (New York Heart Association classification), as well as the type of implantable device. The analysis of the effect of depression on all-cause mortality included both quantitative and categorical indicators. For the categorical variables, HR was calculated relative to the selected reference group, for which the risk was assumed to be 1.0. The group with no symptoms of depression was used as the reference group. A value of p<0.05 was considered to be statistically significant.
[10]
RESULTS
Comparative characteristics of clinical-functional and laboratory indicators of the patients according to the severity of depression are presented in Table 1 . The groups did not differ significantly in terms of age, smoking prevalence, arterial hypertension, diabetes, hypercholesterolemia, atrial fibrillation, or CAD. No statistically significant differences were observed between the groups in body mass index, functional class of CHF, or history of PCI, and the groups had an equal frequency of previous myocardial infarction.
The groups differed significantly in gender distribution. Among individuals without symptoms of depression, males predominated (89.4% in the nondepressed group vs 74.6% in the group with severe depression; p<0.013).
No statistically significant differences were observed between the groups in the echocardiographic parameters of diameter of the aortic root, diameter of the left atrium, diameter of the right ventricle, thickness of the interventricular septum, LV posterior wall, LV end-diastolic and end-systolic volumes, LVEF, as well as in LV myocardium mass and LV mass index ( Table 2 ).
The average total Beck Depression Inventory score was 12.8±8.1 points. In 104 patients (40.0%) there were no symptoms of depression, 97 patients (37.3%) had mild depression, and 59 patients (22.7%) had severe symptoms of depression.
In total, 37 patients (14.2%) died from all causes during the follow-up period. Figure 1 illustrates the Kaplan-Meier curves of the survival rate in the patient groups. At the end of follow-up period, the cumulative fraction of surviving patients in the group without depression symptoms or with mild symptoms of depression was statistically greater than that of the group of patients with severe depression symptoms (p=0.020). The mean life expectancy of patients without depression symptoms or with mild symptoms was 102.2 months, with a 95% CI of 96.5-107.8, while for patients with severe depression it was 84.8 months with a 95% CI of 73.0-96.6. l-cause patient mortality were depression parameters, LVEF, hemodynamically significant coronary artery stenosis, heart failure functional class, and the type of implantable cardiac device. Analysis of patients who
Univariate Cox proportional hazards model evaluation of the effect of depression and clinical and instrumental indicators on all-cause mortality are presented in Table 3 . The significant predictors of al- patients who underwent CRT alone or CRT in combination with ICD. The HR for all-cause mortality for the depression score was 1.05, with a 95% CI of 1.01-1.10 ( Table 6 ). The analysis of the categorical indicators of depression indicated that the HR for death from all causes (Table 6 ) was significantly greater in the group of patients with severe symptoms of depression compared with the group with no signs of depression (HR: 3.44; 95% CI: 1.31-9.01). In patients with mild symptoms of depression, no statistically significant difference in HR for death was found.
DISCUSSION
Our study results indicated that the level of depressive symptoms was related to gender. In the group with severe depression, the percentage of female patients was significantly greater than that in the group without symptoms of depression. It is well known that women suffer from depression 2 times more often than men. [11] Several reasons have been proposed in the literature, including social, psychological, and family underwent CRT with or without an ICD was also performed. In all, 33 patients (21.2%) died in this group. The significant predictors of all-cause mortality in this subgroup of patients were LVEF and hemodynamically significant coronary artery stenosis (Table  4) . Depression and previous myocardial infarction revealed only a statistical trend. Next, multivariate statistical analysis was performed. The adjusted HR for all-cause mortality for the depression score was 1.05, with a 95% CI of 1.01-1.09 (Table 5 ). Thus, a 1-point increase in the Beck Depression Inventory score raised the risk of death from all causes by 5%. When analyzing the categorical indicators of depression, the HR of death from all causes (Table 5 ) was found to be significantly higher in the group of patients with severe symptoms of depression compared with the group of patients with no signs of depression. In patients with only mild symptoms of depression, no statistically significant difference in HR was observed.
Further, the effect of depression on the risk of all-cause mortality was assessed in the subgroup of Numerous studies have demonstrated that depressive symptoms contribute to the high risk of death in CAD patients, which is reflected in the Recommendations for Screening, Referral, and Treatment of Depression and Coronary Heart Disease of the American Heart Association. [3] Watkins et al., [15] studied 934 patients with CAD and found a high level of depression and anxiety. The authors observed that a high level of depression and anxiety increased the HR of death by 2.18 times. Konrad et al. [16] found that the risk of depression was significantly greater in patients with CAD compared with patients without CAD. Thus, in our patients, CAD could make a significant contribution to aggravating the symptoms of depression, which could worsen CHF.
Some studies have demonstrated an increase in the levels of the proinflammatory cytokines C-reactive protein (CRP), interleukin (IL) 6, and tumor necrosis factor-α (TNF-α) in CHF patients prior to CRT; [17] it has also been reported that each increase in the functional class of CHF in patients results in increased levels of CRP, IL-1, IL-6.
[18] Moreover, depression and CHF have common pathologies: hyperreactivity of the sympathoadrenal and hypothalamic-pituitaryproblems, such as loneliness, infertility, divorce, and strong emotional experience. [12] The average age of the women in our study was 54.3±10.5 years. Age-related features can affect the level of depression in women. During the perimenopause period, the natural process of neuroendocrine restructuring causes stress in the adaptation mechanisms, and the influence of additional factors can lead to disruption of adaptation and the appearance of both somato-vegetative and psychiatric disorders. [12] During the climacterium period, depressive symptoms may be at least in part a result of decreased levels of monoamines, monoamine oxidase, and endorphins, which may be a consequence of the age-related decrease in estrogen. [13] According to the results of our study, depression was independently associated with the risk of death from all causes and the HR was significantly greater in CHF patients with severe depression. In their metaanalysis, Rutledge et al., [6] also found that depression increased the risk of death for CHF patients. Similar data were obtained in by Sokoreli et al.: [14] in patients with CHF decompensation, depression was associated with an unfavorable outcome within a year after discharge from the hospital. adrenal axis ultimately leads to hyperproduction of pro-inflammatory cytokines, which in turn influence the regulation of neurotransmitters, especially serotonergic transmission, and serotonin plays a major role in mood regulation. [19] A study by Howren et al. [20] showed cause-effect relationships: depression leads to elevated blood levels of CRP, IL-1, and IL-6, and these cytokines increase the level of depression in patients with CVD. It has been established that CHF pathogenesis includes an inflammatory syndrome that is the result of activation of the cytokine system. [21] The negative effect of cytokines on CHF progression has been demonstrated in a major meta-analysis. [22] In our study, subclinical inflammation may have been maintained by either depression or CHF and had a negative impact on the heart function. This fact does not exclude the reason for increased rates of unfavorable outcomes in patients with severe depression.
Data about the influence of implanted cardiac devices on depressive symptoms are contradictory: Duncker et al. [23] have demonstrated that depressive symptoms significantly decreased 6 months after CRT; however; other research indicated that CRT did not change the severity of depressive symptoms. [24] Thus, early diagnosis and treatment of depression in CHF patients recommended to undergo the implantation of a cardiac electronic device will help to increase the effectiveness of this method of CHF treatment and will reduce the risk of death in these patients.
Conclusion
Increased depressive symptoms are independently associated with all-cause mortality in patients with CHF and implanted cardiac devices.
